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A.  Will you require JoVE to record video microscopy through a microscope such as filming a complex dissection or microinjection technique? (Y/N) N 
B.  Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 2.2, 2.6, 2.7, 4.4 and 4.5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is to obtain high yield viable thymic epithelial cells from mouse thymus. To ensure success, we optimized the enzyme digestion-based isolation protocol and first applied panning techniques on the enrichment of thymic epithelial cells. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to isolate, identify and purify thymic epithelial cells, or TEC (Pronounce as one word, “tek”). (Intro) This is accomplished by first enzymatically digesting and mechanically disrupting the thymus to dissociate the TEC into a single cell suspension. (P1) Next, the TEC can be analyzed by flow cytometry (P2) or enriched via a panning strategy. (P3) Ultimately, thymic epithelial subsets can be purified by fluorescence activated cell sorting. (P4)

(P1) From 51780_Xing_overview.ppt slide 1, show mouse schematic, and then have yellow “upside down heart” (thymus) move from mouse into petri dish, then have thymus break apart into blue and green stars and little white dots
(P2) please show 51780_Xing_Figure2.tiff, then highlight/outline mTEClow and mTEChigh gates in bottom right density plot
(P3) From 51780_Xing_overview.pptx slide 3, show petri dish with green and blue stars and white cells, then have shake move back and forth a few times, then have green and blue stars leave dish and enter conical tube
(P4) 51780_Xing_Figure4.tif, then highlight gates in lower right dot plot

B.  Interview: (Said by you on camera. Don’t forget to smile!) 
 
1.1   Kristin Hogquist: This method can help answer many key questions in the field of T cell development, such as do thymic epithelial cells promote thymic selection? What causes thymic dysfunction in aging animals? And, how can we achieve T cell reconstitution in vitro?

1.3   Yan Xing: The main advantages of this technique are the high recovery of viable thymic stromal cells, the unbiased enrichment of the  thymic epithelial cells, and the high purity that can ultimately be achieved by cell sorting.

Protocol (read by voice talent at JoVE):

2. Stromal cell isolation from mouse thymus

2.1. To isolate thymic stromal cells, first identify the thymus, which is just under the ribs and looks like two thin white lobes overlying the heart. 

2.1.1. WIDE: Shot of Talent looking over mouse (Videographer: more Talent than mouse in shot) (TEXT: Euthanasia: CO2 chamber) 

2.1.2. ECU: Shot of thymus in situ, identified by dissecting needle or similar if possible (Video Editor: If necessary/possible, please outline/indicate with an arrow and “Thymus” text with “two … heart”)

2.2. Then disconnect the connective tissue surrounding the thymus, and use curved serrated forceps to gently pull and remove the thymic lobes. 

2.2.1. CU: Few seconds connective tissues being disconnected

2.2.2. [combined with 2.2.1] CU: Lobes being pulled and then few seconds being removed

2.3. Place the lobes into a 6-well plate containing 5 ml of medium and trim any surrounding fat and connective tissue.

2.3.1. MED: Talent placing lobes into well  (TEXT: See text for all media/regent preparation details) 

2.3.2. CU: Few seconds thymus being trimmed

2.4. Then transfer the trimmed lobes to a new well containing 5 ml of freshly prepared enzyme solution and use fine scissors to make small incisions in the tissue.

2.4.1. MED: Talent placing lobes in new well

2.4.2. CU: Few seconds incisions being made in tissue

2.5. Place the plate in a 37°C incubator. After 20 minutes, gently pipette the tissue up and down several times with a 5 ml pipette to dissociate the slurry into a single cell suspension.

2.5.1. MED: Talent placing plate in incubator

2.5.2. MED: Few seconds Talent pipetting tissue up and down

2.6. Collect the supernatant fraction in a 50 ml tube containing 10 ml of cold albumin-rich buffer on ice to neutralize the enzymes. Then add 2.5 ml of enzyme solution to the remaining tissue.

2.6.1. MED: Talent dispensing supernatant into 50 ml tube on ice

2.6.2. MED: Talent adds enzyme to plate

2.7. Incubate the plate for 15 minutes, gently agitating the tissue with a 3-ml syringe equipped with an 18G needle to break up any aggregates. 

2.7.1. CU: Plate being placed into incubator

2.7.2. CU: Few seconds tissue being agitated with 18G needle

2.8. After the second incubation, transfer the supernatant to the collection tube and repeat the mechanical agitation with a 25G needle. 

2.8.1. CU: Supernatant being dispensed into collection tube

2.8.2. CU: Few seconds supernatant being agitated with needle

2.9. After incubating the tissue for a final 5-10 minutes, transfer the supernatant to the collection tube for centrifugation.  

2.9.1. MED: Talent adding supernatant to tube (TEXT: 8 min, 400 x g, 4°C)

2.10. Then remove the supernatant and resuspend the pellet in 10 ml of albumin-rich buffer, filter the sample through a 100 m mesh, and count the cells.

2.10.1. CU: Shot of pellet if visible, then buffer being added to cells remove supernatant.

2.10. 1A [Added shot] CU: Shot of pellet again, then buffer being added to cells 

2.10.2. CU: Few seconds cells being filtered

2.10.3. MED: Few seconds Talent at microscope, counting cells

3. TEC identification, panning and purification

3.1. To identify the recovered TEC by flow cytometry, following standard antibody staining procedures, run the samples on a multi-parameter flow cytometer, and analyze the data using the appropriate FACS analysis software. 

3.1.1. WIDE: Talent adding antibodies to FACS tube(s) 96-well plate (TEXT: e.g., anti-CD45, -EpCAM, -MHC class II, -Ly51 Abs + UEA-1 lectin)

3.1.2. MED: Talent loading sample onto flow cytometer OR MED: Talent sitting at flow cytometer, looking at screen

3.1.3. LAB MEDIA: 51780_Xing_Figure2.tif

3.2. To enrich the TEC further by the panning method, first incubate the cells with the appropriate antibody for the enrichment.

3.2.1. MED: Talent adding antibody to cells (TEXT: e.g., anti-CD90/thymocytes; anti-CD45/hematopoietic-derived cells).  

3.3. Next add the cell suspension to a pre-coated panning plate, and then swirl the plate and incubate it at room temperature.  

3.3.1. MED: Talent adding cells to plate (TEXT: See text for panning plate coating details) 

3.3.2. MED: Few seconds Talent swirling plate 

3.3.3. [combined with 3.3.2] MED: Talent placing plate at RT

3.4. After 30 minutes, swirl the plate vigorously, and then transfer the supernatant to a conical tube. 

3.4.1. CU: Few seconds plate being vigorously swirled

3.4.2. CU: Supernatant being dispensed into tube

3.5. Rinse the plate two times with fresh medium, pooling the washes in the collection tube.

3.5.1. MED: Talent adding medium to tube plate

3.5.2. [combined with 3.5.1] MED: Talent adding supernatant to tube

3.6. Then, after spinning down the cells, resuspend the pellet in 5 ml of fresh medium and transfer the cell suspension to a new panning plate, collecting the cells after swirling and incubating as just demonstrated. 

3.6.1. CU: Shot of pellet if visible, then medium being added to cells

3.6.2. CU: Cells being added to new plate

3.6.3. MED: Talent adding cells to tube that says “Enriched TEC” or similar

3.7. To further purify the enriched TEC into their thymic cell subsets, after labeling with the appropriate antibodies, sort the TEC through a 100 m nozzle by fluorescence activated cell sorting, collecting the cells in 30% v/v FBS in medium.

3.7.1. MED: Talent adding antibody to cells (TEXT: e.g., anti-CD45, -EpCAM, -MHC class II, -Ly51 Abs + UEA-1 lectin)

3.7.2. CU: Tube being loaded onto flow cytometer

3.7.3. CU: Shot of collection tubes on flow cytometer

4. Results: Representative thymic epithelial populations

4.1. In this representative gating strategy for identifying TEC by flow cytometry, the expression of EpCAM -- but not CD45 – by the TEC can be observed. Thus TEC can be gated according to their EpCAM and CD45 expression.

4.1.1. LAB MEDIA: 51780_Xing_Figure2A.tif 

(Video Editor: with “the expression of EpCAM” please fade out the bottom horizontal half of the dot plot from about the bottom of the gate down to the bottom of the graph; 

with “but not CD45” please add a fade out of the right “half” of the dot plot, from the bottom corner of the gate and fading the entire vertical blue dot plot data but not including the diagonal part of the gate (so basically just gate and data within gate remain);

with “TEC can be … CD45 expression” please highlight/otherwise indicate data points with the black gate in the dot plot)

4.2. TEC are comprised of cortical, or cTEC (Pronounce: “C-tek”), and medullary, or mTEC (Pronounce: “M-tek”), thymic epithelial subsets. These subsets can be distinguished by the Ly51 antibody, which recognizes glutamyl aminopeptidase, expressed by cTEC, and the lectin UEA-1, which binds to mTEC.

4.2.1. LAB MEDIA: 51780_Xing_Figure2B.tif 
[bookmark: _GoBack]
(Video Editor: with “Ly51 antibodoy” please highlight the Ly51 text on the x-axis; 

with “which recognizes … cTEC” please add/highlight/outline the cTEC text and corresponding gate; 

with “lectin UEA-1” please highlight the UEA-1 text on the y-axis; 

with “which binds to mTEC” please highlight/outline/add the mTEC text and corresponding gate)

4.3. Both cTEC and mTEC express MHC class II on their surfaces, although mTECs can be further classified into mTEClow and mTEChigh populations depending upon their level of MHC II expression.  

4.3.1. LAB MEDIA: 51780_Xing_Figure2CD.tif 

(Video Editor: with “Both … on their surface” please add/highlight/flash the lines on either side of the MHC II text at the bottom of both graphs AND/OR highlight the density plot data in both graphs; 

with “into mTEClow” please highlight/outline/indicate the mTEClow gate and add/highlight accompanying text; 

with “mTEChigh” please highlight/outline/indicate the mTEChigh gate and add/highlight  accompanying text)

4.4. Approximately 8 times more TEC can be recovered using the just demonstrated Liberase enzyme-based protocol compared to a multi-step protocol with collagenase and dispase, with about 9 x 105 able to be recovered from just one mouse thymus.

4.4.1. LAB MEDIA: 51780_Xing_Figure3.tif 

(Video Editor: with “just demonstrated Liberase enzyme-based protocol” highlight the top right dot plot; 

with “multi-step … dispase” please highlight the top left dot plot;

with “about 9 x 105 from one mouse thymus” please highlight the Liberase data column in the bottom graph )

4.5. To decrease the sorting time and to increase the viability of the recovered stromal cells, panning can be used as just demonstrated to deplete the thymocytes. Compared to whole prepared thymus cells, the proportion of TEC increases from less than 0.5% to over 15% in the post-enriched cell population. 

4.5.1. LAB MEDIA: 51780_Xing_Figure4AB.tif (Video Editor: with “the proportion … 0.5%” please highlight/outline/indicate the gate in the left dot plot; with “over 15% … population” please highlight/outline/indicate the gate in the right dot plot)

4.6. After panning, the proportions of the TEC subsets are not altered, suggesting that neither subset is selectively lost during panning. Compared to the pre-enrichment sample, the recovery rate of TEC is about 85%.

4.6.1. LAB MEDIA: 51780_Xing_Figure4CDE.tif (Video Editor: with “the proportions … panning” please highlight the top two dot plots; with “the recovery … 85%” please circle the “Post cTEC” and “Post mTEC” data points)

5. Conclusion (said by authors on camera)

5.1. Yan Xing: After watching this video, you should have a good understanding of how to enrich thymic stromal cells from the mouse thymus by panning, as well as how to identify and purify mouse thymic epithelial subsets by flow cytometry.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Overview-  51780_Xing_overview.pptx
3.1.3-  51780_Xing_Figure2.tif
4.1.1-  51780_Xing_Figure2A.tif
4.2.1-  51780_Xing_Figure2B.tif
4.3.1-  51780_Xing_Figure2C&D.tif
4.4.1-  51780_Xing_Figure3.tif
4.5.1-  51780_Xing_Figure4A&B.tif
4.6.1 -  51780_Xing_Figure4CDE.tif

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.


 2011, Journal of Visualized Experiments

